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DRAM SEMICONDUCTOR DEVICE WITH 
COMPOSITE BIT LINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor memory 

device and manufacturing method thereof and more 
particularly. to a semiconductor memory device having bit 
lines and capacitors. 

2. Description of the Background Art 
Various semiconductor memory devices have been pro 

posed. In particular. DRAM (Dynamic Random Access 
Memory) is one of the best lmown semiconductor devices. 
Details of DRAM are as follows. 

As the cell area of the most advanced DRAM of recent 
years has been reduced. even if it is provided with a three 
dimensional capacitor structure (cylinder type. ?n type. 
trench type. etc.) utilizing a conventional silicon oxynitride 
?lm. to obtain enough capacitance of a capacitor is becom 
ing di?icult. Therefore. a dielectric ?lm used for a capacitor 
should be replaced by the one with a higher dielectric 
constant. An example of DRAM using such a dielectric ?lm 
with a higher dielectric constant is shown in FIG. 23. FIG. 
B is a cross sectional view illustrating a conventional 
DRAM utilizing a dielectric ?lm of a higher dielectric 
constant. 

With reference to FIG. 23. a ?eld oxide ?lm 2 is selec 
tively formed on a major surface of a p-type semiconductor 
substrate 1. N+ impurity di?‘usion layers 3 are formed spaced 
apart from each other in the major surface of substrate 1 
surrounded by ?eld oxide film 2. At the edge of n" impurity 
diffusion layer 3. an n- impurity diffusion layer 3a is formed. 
On a channel region de?ned by a pair of 11+ impurity 
di?‘usion layers 3. a gate electrode 5 (word line) is formed 
with a gate insulating layer 4 interposed. On the other hand. 
another gate electrode 5 is extended over ?eld oxide ?lm 2. 
An insulating layer 6 formed of silicon oxide ?lm or the 

like is formed to cover gate electrode 5. An interlayer 
insulating layer 70 formed of silicon oxide ?lm or the like 
is formed to cover the insulating layer 6. In interlayer 
insulating layer 7a. a contact hole 8b which reaches pre 
scribed n+ impurity di?‘usion layer 3 is formed. A bit line 11 
is formed within contact hole 8b. As shown in FIG. 23. bit 
line 11 is provided such that it extends along the side walls 
and the bottom of contact hole 8b. 
An interlayer insulating layer 7b formed of silicon oxide 

?lm or the like is formed to cover bit line 11 and interlayer 
insulan'ng layer 70. A capacitor 16 is formed on interlayer 
insulating layer 7b. Capacitor 16 is constituted by a lower 
electrode 13. a dielectric ?lm 14. and an upper electrode 15. 
Material of a high dielectric constant is used as dielectric 
?lm 14. For example. high dielectric material and ferroelec 
tric material such as oxide ceramics like (Ba. Sr) TiO3. 
BaTiO3. SrTiO3. PbTiO3. PbZrO3. LiNbO3. PZT. PLZI‘ can 
be used. In addition. in order to use dielectric ?lm 14 of 
above material. lower electrode 13 and upper electrode are 
required to be formed of metal such as Pt. Pd. Rh. Ni. W or 
alloy such as Pt. Pd. Rh. Ni. W. or metal stacked ?lm such 

as Ru/RuO2. Ir/IrO2. 
A barrier layer (diifusion preventing layer) 12 is formed 

between lower electrode 13 and interlayer insulating layer 
7b. Barrier layer 12 can be formed by stacked layers formed 
of Ti type material such as TiN/I‘i. It is noted that a side wall 
insulating layer 31 is formed on the side wall of lower 
electrode 13. and dielectric ?lm 14 and upper electrode 15 
are extended on side wall insulating layer 31. 
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2 
Then an interlayer insulating layer 19 formed of silicon 

oxide ?lm or the like is formed to cover the capacitor 16. and 
on this interlayer insulating layer 19. a metal interconnection 
layer 20 formed of material including Al or the like is 
formed. 

Next. the manufacturing method of the conventional 
DRAM illustrated in FIG. 23 is described referring to FIGS. 
2A and 25. FIGS. 24 and 25 are cross sectional views 
showing the characteristic ?rst and second process steps of 
the manufacturing process of the DRAM shown in FIG. 23. 

With reference to FIG. 24 ?rst. ?eld oxide ?lm 2 is formed 
on a major surface of p-type semiconductor substrate 1 using 
LOCOS (Local Oxidation of Silicon) or the like. Then. gate 
insulating layer 4 is formed on the major surface of semi 
conductor substrate 1 using thermal oxidation method or the 
like. and a polycrystalline silicon layer is formed on gate 
insulating layer 4 using CVD (Chemical Vapor Deposition) 
or the like. After forming gate electrode 5 by patterning the 
polycrystalline silicon layer to a prescribed shape. n‘ impu 
rity diffusion layer 3a is formed by ion implantation and 
dilfusion. 

Insulating layer 6 is then formed to cover gate electrode 
5 and n-type impurities are introduced into the major surface 
of semiconductor substrate 1 using insulating layer 6 as a 
mask. then n+ impurity diffusion layer 3 is formed. Next. 
interlayer insulating layer 70 is formed to cover gate elec 
trode 5 and insulating layer 6 using CVD or the like. Contact 
hole 8b is then formed in interlayer insulating layer 70 by 
photolithography and etching. A conductive layer is depos 
ited within contact hole 8b and on interlayer insulating layer 
7a using CVD. sputtering or the like. Then. bit lines 11 is 
formed by patterning the conductive layer. 

Referring to FIG. 25 next. interlayer insulating layer 7b is 
formed by CV D or the like to cover bit line 11 and interlayer 
insulating layer 70. Then. contact holes 80 and 8c are formed 
using photolithography and etching. 

After above steps. a polycrystalline silicon layer is depos~ 
ited such that it ?lls contact holes 8a and 8c utilizing CV D 
or the like. and plug electrodes 9a and 9c are formed 
respectively. for example by etching back the polycrystalline 
silicon layer. Then. barrier layer 12 formed of TiN/I‘ i or the 
like is formed using sputtering. MOCVD (Metal Organic 
CV D) or the like to provide lower electrode 13 formed of Pt 
or the like on the barrier layer 12. After patterning lower 
electrode 13 and barrier layer 12 to a prescribed shape. side 
wall insulating layer 31 is formed on their side wall. 

Next. sputtering. MOCV D or the like is used to succes 
sively deposit dielectric ?lm l4 and upper electrode 15. 
interlayer insulating layer 19 is then formed by CV D or the 
like to cover upper electrode 15 and metal interconnection 
layer 20 is formed on interlayer insulating layer 19. The 
DRAM shown in FIG. 23 is thus formed through these 
process steps described above. 

However. the conventional DRAM thus described has 
some problems as will be described below. As the size of a 
DRAM is scaled down. the resistance/capacitance of bit line 
11. the resistance of the contact portion of the bit line and the 
like affect the access time which is an important perfor 
mance of the DRAM. Measures have been taken such as 
using bit line 11 formed of material with low resistance (for 
example. a polycide structure formed of W or Ti and 
polycrystalline silicon). Even if those measures are 
provided. the resistance of bit line 11 is not decreased 
enough for the most advanced DRAM. and the resistance 
still affects the access time. 
The delay of signals may be reduced by decreasing the 

number of memory cells connecting to one bit line 11. 
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However. to reduce the number of the memory cells con 
necting to bit line 11 will lead to the increase of the number 
of sense ampli?ers. which inturn leads to increase of the area 
of the peripheral circuit. resulting in the increase of the chip 
area. Therefore. in the conventional technique. su?icient 
reduction of the resistance value of bit line 11 has been 
extremely dii?cult when the size of DRAM is scaled down. 
On the other hand. as illustrated in FIGS. 24 and 25. 

contact hole 8b for the formation of bit line 11 and contact 
holes 80. 80 for the formation of plug electrodes 9a. 9c are 
provided by the separate process steps. Therefore. the pho 
tolithographic process and the etching process have to be 
repeated twice in order to form contact holes 8a. 8b. and 8c. 
making the manufacturing process complicated. In addition. 
the necessity of two photo masks leads to the higher manu 
facturing cost. 

SUMMARY OF THE H‘IVENTION 

The present invention is made to solve above problems. 
An object of the invention is to provide a semiconductor 
memory device which makes it possible to su?‘iciently 
reduce the resistance of a bit line even if the size of the 
device is scaled down. 

Another object of the present invention is to provide a 
manufacturing method of a semiconductor memory device 
which makes it possible to reduce the manufacturing cost of 
the device by simplifying the manufacturing process. 
A semiconductor memory device in accordance with the 

invention is provided with a semiconductor substrate of a 
?rst conductivity type having a major surface. ?rst and 
second impurity diffusion layers of a second conductivity 
type. a gate electrode. a bit line. and a capacitor. The ?rst and 
the second impurity diffusion layers are formed provided 
with a space therebetween such that they de?ne a channel 
region at the major surface of the semiconductor substrate. 
The gate electrode is formed on the channel region with a 
gate insulating layer interposed. The bit line is provided on 
the surface of the ?rst impurity di?=usion layer and has a 
protruded portion at the upper surface located above the 
contact portion with the ?rst impurity diffusion layer. The 
capacitor is electrically connected with the second impurity 
diffusion layer. 
As stated above. a semiconductor memory device accord 

ing to the present invention is provided with the protruded 
portion of the bit line located above the contact portion of 
the bit line with the ?rst impurity diffusion layer. Increase in 
the volume of the bit line located above the contact portion 
becomes possible by providing the protruded portion. Then. 
the reduction of the resistance of the bit line located above 
the contact portion becomes possible. In this way. the 
performance of a semiconductor memory device can be 
improved. 

In the manufacturing method of a semiconductor memory 
device according to the invention. ?rst and second impurity 
diffusion layers of a second conductivity type are formed 
spaced apart such that they de?ne a channel region at a 
major surface of a semiconductor substrate of a ?rst con 
ductivity type. A gate electrode is formed on the channel 
region with a gate insulating layer interposed. A ?rst inter 
layer insulating layer is provided to cover the gate electrode 
and the ?rst and the second impurity diffusion layers. Next. 
a conductive layer is formed on the ?rst interlayer insulating 
layer to cover the ?rst impurity di?usion layer without 
overlapping the second impln'ity diffusion layer. A second 
interlayer insulating layer is formed. covering the conduc 
tive layer and the ?rst interlayer insulating layer. A ?rst 
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4 
contact hole penetrating through the ?rst and the second 
interlayer insulating layers and the conductive layer is 
formed on me ?rst impurity diffusion layer. and a second 
contact hole penetrating through the ?rst and the second 
interlayer insulating layers is formed on the second impurity 
diffusion layer simultaneously. The conductive layer is bur 
ied in the ?rst and the second contact holes. then ?rst and 
second buried conductive layers connected electrically to the 
?rst and the second impurity diffusion layers are formed. A 
capacitor is then provided on the second interlayer insulating 
layer such that it is electrically connected to the second 
buried conductive layer. 
As described above. in the manufacturing method of a 

semiconductor memory device according to the invention. it 
is possible to simultaneously form the ?rst contact hole for 
forming the bit line and the second contact hole provided for 
forming the buried conductive layer electrically connecting 
the capacitor and the second impurity diifusion layer. 
Therefore. it becomes possible to considerably simplify the 
manufacturing process compared with the conventional 
method in which the ?rst and second contact holes are 
formed in separate process steps. It also becomes possible to 
reduce the number of photo masks since the ?rst and the 
second contact holes can be formed in the same process step. 
As a result. the signi?cant reduction of the manufacturing 
cost would be possible. 

The foregoing and other objects. features. aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view showing a semiconductor 
memory device in the ?rst embodiment of the present 
invention. 

FIGS. 2-10 are cross sectional views showing the ?rst to 
the ninth steps of manufacturing a semiconductor memory 
device in the ?rst embodiment of the present invention. 

FIG. 11 is a plan view showing one example of a layout 
of a memory cell of a semiconductor memory device accord 
ing to the present invention. 

FIG. 12 is a plan view of another example of a layout of 
a memory cell of a semiconductor memory device according 
to the present invention. 

FIG. 13 is a cross sectional view illustrating the ?rst 
modi?cation of the ?rst embodiment. 

FIG. 14 is a cross sectional view illustrating the second 
modi?cation of the ?rst embodiment. 

FIG. 15 is a cross sectional view illustrating a semicon 
ductor memory device in the second embodiment of the 
present invention. 

FIGS. 16 and 17 are cross sectional views showing the 
characteristic ?rst and second process steps of the manufac 
turing process of a semiconductor memory device in the 
second embodiment. 

FIG. 18 is a schematic view for presenting a description 
concerning the thickness of the polycrystalline silicon pad 
layer 29. 

FIG. 19 is a cross sectional view showing a semiconduc 
tor memory device in the third embodiment of the invention. 

FIGS. 20 and 21 are cross sectional views showing the 
characteristic ?rst and second process steps of the manufac 
turing process of a semiconductor memory device in the 
third embodiment. 
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FIG. 22 is a cross sectional view showing a modi?cation 
of the third embodiment. 

FIG. 23 is a cross sectional view showing a conventional 
semiconductor memory device. 
FIGS. 24 and 25 are cross sectional views showing the 

characteristic ?rst and second process steps of the manufac 
turing process of a conventional semiconductor memory 
device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be described 
with reference to FIGS. 1-22. 
[Embodiment II 

First. Embodiment l and its modi?cation will be 
described with reference to FIGS. 1-14. FIG. 1 is a cross 
sectional view showing a semiconductor memory device in 
the Embodiment 1 of the present invention. 
With reference to FIG. 1. in a semiconductor memory 

device according to the present invention. a bit line 11 is 
constituted by a column-like portion 9b and an interconnec 
tion layer (?lm-like portion) 10. A trench 17 is provided on 
bit line 11 and a buried oxide ?lm 18 is formed within trench 
17. Other structures of the device are similar to those of the 
conventional device illustrated in FIG. 23. therefore the 
description thereof will not be repeated. 
As described above. bit line 11 is constituted by column 

like portion 9b and interconnection layer (?lm-like portion) 
10. A hole 10a is provided in interconnection layer 10 and 
column-like portion 9b is formed such that it extends in hole 
10a. The upper part of column-like portion 917 is protruded 
from the top surface of interconnection layer 10 as shown in 
FIG. 1. then a protruded portion is formed. The formation of 
the protruded portion makes it possible to increase the 
volume of bit line 11 located on the contact portion of bit line 
11 with an n+ impurity diffusion layer 3. compared to the 
conventional device. Thus. decrease in the resistance of bit 
line 11 on the contact portion becomes possible. It is noted 
that a bit line is not limited to the structure shown in FIG. 
1. and any structure may be used if it is provided with a 
protruded portion on the top of the bit line located on the 
contact portion of bit line 11 with the n+ impurity di?’usion 
layer 3 immediately under the bit line 11. 

Trench 17 is formed on bit line 11 as illustrated in FIG. 1. 
The top surface of column-like portion 9b constitutes a part 
of the bottom surface of a prescribed trench 17. Trench 17 
is provided such that it has its bottom surface within an 
interlayer insulating layer 7b and sandwiches a lower elec 
trode 13 of a capacitor 16. A buried oxide ?lm 18 is then 
formed within trench 17. 

Buried oxide ?lm 18 is formed to cover all of the bottom 
surface of trench 17 and almost all of the side trench 17. then 
a concave portion 22 is formed on the top surface of buried 
oxide ?lm 18. The bottom surface of concave portion 22 is 
preferably positioned above the bottom surface of a barrier 
layer 12. and it is possible to form such a structure. The top 
surface of buried oxide ?lm 18 could thus have a gentle 
slope. 
A dielectric ?lrn 14 is extended on buried oxide ?lm 18. 

so the gently sloping top surface of buried oxide ?lm 18 
could effectively prevent dielectric ?lm 14 on buried oxide 
?lm 18 from becoming thinner. Thus. leak current due to the 
thinner dielectric ?lm 14 could be etfectively prevented. As 
a result. the reliability of a semiconductor memory device 
could be improved. It is noted that buried oxide ?lm 18 
could be replaced with another insulating layer. 

It is also noted that plug electrodes 90 and 9c and 
column-like portion 9b may be formed of the same material. 
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In that case. plug electrodes 9a and 9c and column‘like 
portion 9b are formed of polycrystalline silicon. 0n the other 
hand. interconnection layer 10 may be formed of low 
resistance metal such as W. or metal silicide with high 
melting point. or a ?lm having a polycide structure. In other 
words. interconnection layer 10 and column-like portion 9b 
may be formed of different material. Preferably. material 
which easily ?lls contact hole 812 is selected for column-like 
portion 9b. and material which has low resistance is selected 
for interconnection layer 10. 

Next. with reference to FIGS. 2-10. a method of manu 
facturing the semiconductor memory device shown in FIG. 
1 will be described. FIGS. 2-10 are cross sectional views 
showing the characteristic ?rst through ninth steps for 
manufacturing the semiconductor memory device according 
to the Embodiment 1 shown in FIG. 1. 

Referring to FIG. 2 ?rst. a semiconductor memory device 
is manufactured. up to an interlayer insulating layer 7a. 
through the same process steps as those of the conventional 
example. A conductive layer (not shown) is then formed on 
interlayer insulating layer 70 by sputtering. CVD or the like. 
Next. interconnection layer 10 is formed by patterning the 
conductive layer such that interconnection layer 10 covers 
prescribed n" impurity diffusion layer 3 and does not overlap 
n“ impurity diffusion layer 3 adjacent to the prescribed n+ 
impurity di?usion layer 3 as illustrated in FIG. 3. Interlayer 
insulating layer 71) formed of silicon oxide ?lm or the like 
is provided by. e. g.. CVD method to cover interconnection 
layer 10. 

Referring to FIG. 4. contact holes 80 and 80 for connect 
ing capacitor 16 with n’’ impurity diffusion layer 3. and a 
contact hole 81; for providing bit line 11 are formed simul 
taneously. Therefore. only one photo mask is required and 
the manufacturing process is substantially simpli?ed since 
contact holes 80-80 can be formed in one etching process. 

However. when contact holes 8a-8c are formed. the 
following points should be taken into consideration. In order 
to provide contact hole 8b. both etching of interconnection 
layer 10 and etching of interlayer insulating layers 7a and 7b 
are necessary. Therefore. a process step is required wherein 
?rstly interlayer insulating layer 7b is selectively etched 
until reaching the surface of interconnection layer 10. sec 
ondly interconnection layer 10 is selectively etched. and 
thirdly interlayer insulating layer 70 is selectively etched. 

In this case. when it is assumed that interlayer insulating 
layers 7a and 7b are formed of silicon oxide ?lm and 
interconnection layer 10 is formed of polycrystalline silicon 
doped with impurity. polycrystalline silicon is more easily 
etched than silicon oxide ?lm. so that a recessed portion is 
formed on the major surface of semiconductor substrate 1 
located under contact holes 8a and 80 as shown in FIG. 4. 

With reference to FIG. 5. a polycrystalline silicon layer 9 
is formed by CVD or the like such that it ?lls contact holes 
8a. 8b and 8c. Next. the thickness of polycrystalline silicon 
layer 9 is reduced from the top surface thereof using etch 
back method. CMP (Chemical Mechanical Polishing) or the 
like. whereby plug electrodes 90 and 9c and column-like 
portion 9b are formed respectively. 

Referring to FIG. 7 next. a barrier layer 12:: formed. e.g.. 
of Ti/l‘iN stacked ?lm is deposited using sputtering or the 
like. and a lower electrode material layer 130 formed. e.g.. 
of Pt ?lm is deposited on barrier layer 120 by the sputtering 
or the like. 

With reference to FIG. 8. above described lower electrode 
material layer 130 is coated with a photo resist 21. then 
photo resist 21 is patterned to a prescribed shape. At this 
time. sputter etching is adopted since material such as Pt. 
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Ti/I‘iN are not easily etched by chemical dry etching 
method. When this sputter etching method is used. each 
material is etched uniformly regardless of the etch selectiv 
ity of the material being used. Lower electrode material 
layer 13a and barrier layer 12 are successively etched using 
photo resist 21 as a mask by such sputter etching method. 
Then lower electrode 13 of capacitor 16 is formed. at the 
same time trenches 17 are provided such that they sandwich 
lower electrode 13. 

It is noted that if the thickness of interlayer insulating 
layer 7b on interconnection layer 10 is approximately 200 
nm. the amount of over-etching when sputter etching above 
is applied may be set to about 50 nm to about 100 nm. 
Accordingly. as shown in FIG. 8. the depth D from the 
bottom of barrier layer 12 to the bottom of trench 17 is about 
50 nm to about 100 nm and column-like porion 9b is 
protruded about 100 nm to 150 run from the top surface of 
interconnection layer 10. Therefore. the height of column 
like portion 9b from the major surface of semiconductor 
substrate 1 is lower than the height of plug electrodes 9a and 
90 from the major surface of semiconductor substrate 1. 

Next. after photo resist 21 is removed. a silicon oxide ?lm 
18a is deposited to cover trench 17 and lower electrode 13 
by CVD or the like as illustrated in FIG. 9. Silicon oxide ?lm 
18a is etched by anisotropic dry etching. whereby buried 
oxide ?lm 18 is formed as shown in FIG. 10. At this time. 
although concave portion 22 is generated on the upper 
surface of buried oxide ?lm 18. the shape of the upper 
surface can be formed to have a gentle slope by adjusting the 
thickness of oxide ?lm 18a appropriately. 

After the steps above. a dielectric ?lm 14. an upper 
electrode 15. an interlayer insulating layer 19. and a metal 
interconnection layer 20 are formed through the process 
steps that are similar to those of the conventional method. 
Thus. the semiconductor memory device shown in FIG. 1 is 
completed through those steps described above. 

With reference to FIGS. 11 and 12. the layout of a 
memory cell will be described. FIG. 11 is a plan view 
illustrating the layout of a memory cell of ‘A pitch. FIG. 12 
is a plan view illustrating the layout of a memory cell of V2 
pitch. 
As shown in FIGS. 11 and 12. a gate electrode (word line) 

5 and bit line 11 are formed such that they extend in 
approximately orthogonal direction to each other. Memory 
element forming area 23 is selectively disposed. on which 
capacitor contact portions 24 and bit line contact portions 25 
are provided. Next. lower electrode 13 of capacitor 16 is 
selectively formed such that it connects with capacitor 
contact portion 24. Accordingly. buried oxide ?lm 18 is 
formed between adjacent lower electrodes 13. 

Referring to FIGS. 13 and 14. modi?cations of the 
semiconductor memory device according to Embodiment 1 
shown in FIG. 1 are described. 
(Modi?cation I) 

First. with reference to FIG. 13. Modi?cation 1 of the 
semiconductor memory device shown in FIG. 1 Will be 
described. FIG. 13 is a cross sectional view of a semicon 
ductor memory device according to Modi?cation 1. 

Referring to FIG. 13. plug electrodes 9a. 90 and column 
like portion 9b each has a stacked structure of a Ti layer 27 
and a TiN layer 26. Other structures are similar to those 
shown in FIG. 1. 
(Modi?cation 2) 

Next. with reference to FIG. 14. Modi?cation 2 will be 
described. FIG. 14 is a cross sectional view of a semicon 
ductor memory device according to Modi?cation 2. Refer 
ring to FIG. 14. in this modi?cation. plug electrodes 9a. 9c 
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and column-like porion 9b each has a stacked structure of a 
Ti layer 27. a TiN layer 26 and a W layer 28. Therefore. the 
resistance of plug electrodes 90. 9c and bit line 11 can be 
much more reduced compared with Embodiment 1 
described above. 
[Embodiment 2| 

Referring to FIGS. 15-18 next. Embodiment 2 according 
to the present invention will be described. FIG. 15 is a cross 
sectional view showing a semiconductor memory device 
according to Embodiment 2 of the present invention. 

With reference to FIG. 15. according to Embodiment 2. a 
polycrystalline silicon pad layer 29 is formed between plug 
electrodes 9a. 9c and semiconductor substrate 1. Other 
structures are similar to those of the semiconductor memory 
device shown in FIG. 1. 

Accordingly. by providing polycrystalline silicon pad 
layer 29. it is possible to effectively prevent the formation of 
a recessed portion on the major surface of semiconductor 
substrate 1 located immediately under plug electrodes 9a 
and 90. It is noted that a recessed portion is formed on 
polycrystalline silicon pad layer 29 and that the bottom 
surfaces of plug electrodes 90. 9c are positioned in the recess 
portion. 

Referring to FIG. 18. the following is a description of the 
thiclmess t2 of polycrystalline silicon pad layer 29. FIG. 18 
schematically shows polycrystalline silicon pad layer 29 and 
its peripheral structures. It is noted that ?eld oxide ?lm 2 is 
not shown for convenience. 

With reference to FIG. 18. let us assume that the side wall 
of the contact hole where polycrystalline silicon pad layer 29 
is formed has a slope angle 6. and that there is an imaginary 
triangle xyz. The slope angle 6 of the side wall of the contact 
hole is assumed to be about 45° to about 60°. 

In this case. the length l of the side xz of the triangle xyz 
is represented as t2lcos 6. Then 1 will be represented as 
V2-t2é 1§2~t2 when the value of 6 is 45° to 60°. If 1=t1 (the 
thickness of interconnection layer 10 formed of polycrys 
talline silicon). the thickness t2 of polycrystalline silicon pad 
layer 29 is represented as tll2ét2étllt/2'. 

In view of the relations above. the thickness t2 of poly 
crystalline silicon pad layer 29 which is about 50% to about 
80% of the thickness t1 of interconnection layer 10 is 
enough. Since polycrystalline silicon pad layer 29 has such 
a thickness. it is possible to effectively prevent the formation 
of the recessed portion on the major surface of semiconduc 
tor substrate 1. The patterning of the polycrystalline silicon 
pad layer 29 also become easy by thus making polycrystal 
line silicon pad layer 29 thin. 

Next. with reference to FIGS. 16 and 17. a manufacturing 
method of the semiconductor memory device according to 
Embodiment 2 of the present invention shown in FIG. 15 
will be described FIGS. 16 and 17 are cross sectional views 
illustrating the characteristic ?rst and second process steps 
of the semiconductor memory device manufacturing process 
according to Embodiment 2. 

Referring to FIG. 16 ?rst. up to insulating layer 6 is 
formed through similar process steps to those of Embodi 
ment 1. Next. a polycrystalline silicon layer doped with 
impurity is formed such that it covers insulating layer 6 and 
the major surface of semiconductor substrate 1. Polycrys 
talline silicon pad layer 29 is then formed by patterning the 
polycrystalline silicon layer. 

Referring to FIG. 17. interlayer insulating layers 7a. 7b 
and interconnection layer 10 are formed in the similar 
manner to that of Embodiment 1. After that. contact holes 
8a. 8b. 8c are respectively formed through the similar steps 
to that of Embodiment 1. At this time. by providing poly 
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crystalline silicon pad layer 29. a recessed portion is gen 
erated on the surface of polycrystalline silicon pad layer 29. 
However. there is not a recessed portion on the major surface 
of semiconductor substrate 1. The semiconductor memory 
device shown in FIG. 15 is thereafter completed through the 
same process steps as those of Embodiment 1 described 
above. 
lEmbodiment 3| 
With reference to FIGS. 19-22 next. Embodiment 3 of the 

present invention will be described. FIG. 19 is a cross 
sectional view of a semiconductor memory device according 
to Embodiment 3 of the present invention. 

Referring to FIG. 19. according to Embodiment 3. a 
silicon nitride ?lm 30 is formed on insulating layer 6 to 
cover gate electrode 5. Since silicon nitride ?lm 30 is 
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provided. etching of gate electrode Sis effectively prevented 15 
even if contact holes 8a. 8b and 8c are misaligned. It is noted 
that another insulating layer formed of material different 
from that of interlayer insulating layer 7a may be used in 
place of silicon nitride ?lm 30. 
The manufacturing method of the semiconductor memory 

device according to Embodiment 3 will be described with 
reference to FIGS. 20 and 21. FIGS. 20 and 21 are cross 
sectional views illustrating the characteristic ?rst and second 
process steps of the manufacturing process of the semicon 
ductor memory device according to Embodiment 3. 

Referring to FIG. 20. up to polycrystalline silicon pad 
layer 29 is provided through the process steps similar to 
those of Embodiment 2. Then silicon nitride ?lm 30 is 
formed by CVD or the like to cover gate electrode 5. 
insulating layer 6 and polycrystalline silicon pad layer 29. 

Next. intm'layer insulating layers 7a and 7b and intercon 
nection layer 10 are provided through the steps similar to 
those of Embodiment 1. Contact holes 80. 8b and 8c are 
formed using photolithography and etching. At this time. the 
step of etching silicon nitride ?lm 30 is required in addition 
to the step of etching in the process of Embodiment 1. After 
that. the semiconductor memory device shown in FIG. 19 is 
formed through steps similar to those of Embodiment 1. 

With reference to FIG. 22. a modi?cation of Embodiment 
3 will be described. FIG. 22 is a cross sectional view of a 
semiconductor memory device according to the modi?ca 
tion of Embodiment 3. 

Referring to FIG. 22. silicon nitride ?lm 30 is formed to 
cover insulating layer 6 and gate electrode 5. and polycrys 
talline silicon pad layer 29 is not provided in this modi? 
cation. Other structures are almost similar to those of 
Embodiment 1 shown in FIG. 1. This modi?cation o?ers an 
effect almost the same as that of Embodiment 3 described 
above. 
Although the present invention has been described and 

illustrated in detail. it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation. the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A semiconductor memory device. comprising: 
a semiconductor substrate of a ?rst conductivity type 

having a major surface; 
?rst and second impurity diffusion layers of a second 

conductivity type formed with a space therebetween. 
de?ning a channel region at the major surface of said 
semiconductor substrate; 

a gate electrode formed on said channel region with a gate 
insulating layer interposed; 

a bit line formed on said ?rst impurity ditfusion layer. and 
having a protruded portion at the upper surface located 
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above a contact portion with said ?rst impurity diffu 
sion layer: and 

a capacitor electrically connected with said second impu 
rity diffusion layer. wherein 

said bit line includes a column-like portion extending 
upward. formed on the surface of said ?rst impurity 
dilfusion layer. and a ?lm-like portion. having a hole 
therein. connected to said column-like portion by 
receiving said column-like portion within said hole and 
extending in a direction almost parallel to the major 
surface of said semiconductor substrate. and 

an upper portion of said column-like portion is protruded 
from the top surface of said ?lm-like portion thereby 
forming said protruded portion. 

2. The semiconductor memory device according to claim 
1. wherein 

material of said column-like portion is dilferent from that 
of said ?lm-like portion. 

3. The semiconductor memory device according to claim 
1. wherein 

a ?rst interlayer insulating layer is formed to cover said 
gate electrode. 

a second interlayer insulating layer is formed on said ?rst 
interlayer insulating layer. 

a ?rst contact hole is formed to penetrate through said ?rst 
interlayer insulating layer to reach said ?rst impurity 
di?usion layer. 

said ?lm-like portion is formed on said ?rst interlayer 
insulating layer so that the hole of said ?lm-like portion 
is located on said ?rst contact hole. 

said column-like portion is formed to extend within said 
?rst contact hole and within said hole of said ?lm-like 
portion. 

a second contact hole penetrating through said ?rst and 
second interlayer insulating layers is formed on said 
second impurity diffusion layer. 

a plug electrode electrically connecting said capacitor 
with said second impurity diffusion layer is formed 
within said second contact hole. and 

said column-like portion and said plug electrode are 
formed of same material. 

4. The semiconductor memory device according to claim 
3. wherein 

a lower electrode of said capacitor is formed on said 
second interlayer insulating layer to be electrically 
connected with said plug electrode. 

?rst and second trenches each having a bottom surface 
within said second interlayer insulating layer are 
formed to sandwich said lower electrode. 

the upper surface of said column-like portion constitutes 
a part of the bottom surface of said ?rst trench. 

a buried insulating layer with a gently sloped upper 
surface is formed Within said ?rst and second trenches. 
covering almost all of the inner surface of the first and 
the second trenches. 

a dielectric ?lm of said capacitor is formed to cover said 
lower electrode and said buried insulating layer. and 

an upper electrode of said capacitor is formed on said 
dielectric ?lm. 

5. The semiconductor memory device according to claim 
3. wherein 

height of the upper surface of said plug electrode from the 
major surface of said semiconductor substrate is greater 
than that of the upper surface of said column-like 
portion from the major surface of said semiconductor 
substrate. 




